SINCE ITS INITIAL DESCRIPTION in 1865,1 more than 170 patients with congenital coronary arteriovenous fistula (CAVF) have been reported. '-66 The anatomic variants of CAVF and their clinical, diagnostic, hemodynamic and angiographic features have been well-described. 16 26, 3, 6668 However, the management of patients with CAVF remains controversial, 6' 13, 17, 30-32, 36, 40, 46, 49, 50 particularly operative intervention in the asymptomatic patient.
In this study we review our experience with 13 patients who had CAVF, discuss their presentation, clinical course, management, complications and follow-up, review the reported experience with this entity, and clarify guidelines for management of these patients. Methods The records of 13 patients who had CAVF diagnosed by cardiac catheterization between 1965-1977 were studied. We reviewed symptoms or complications, clinical, electrocardiographic, radiologic and catheterization findings, follow-up and management. In addition, the previously reported patients who had adequate descriptive data, including symptoms, complications and follow-up course, were tabulated. Table 1 gives the age at which CAVF was confirmed angiographically, sex, preoperative symptoms, complications attributed to the fistula, electrocardiographic and chest x-ray findings, fistula course, pulmonic-to-systemic flow ratio (Qp/Qs), associated cardiac abnormalities, surgical complications in those 849 NO 5 1979 In all patients heart murmurs were either continuous or had components in both systole and diastole and were heard best at the mid-sternal region over the second to fourth right or left intercostal spaces. All patients had normal systemic arterial pulse pressures. Nine patients, ages 1-41 years, and one patient, age 63 years, had normal ECGs. Two patients, ages 45 and 67 years, both with CHF and fistulae entering the coronary sinus -had atrial fibrillation. Six patients had normal heart size on chest x-ray and seven had roentgenographic evidence of cardiomegaly (cardiothoracic ratio > 0.5). The CAVF drained into the coronary sinus or right atrium in eight patients, the main pulmonary artery in three, and the right ventricle in two. No patient had a fistula entering the left heart.
Three younger patients (ages 1, 14 and 18 years) and three older patients (ages 31, 41 and 57 years) had no detectable Qp/Qs by oximetry, and in the remaining patients Qp/Qs ranged from 1.4:1-2.3:1. Five patients had associated cardiac abnormalities. Two patients had mitral insufficiency, which in one was hemodynamically insignificant and related to prior subacute bacterial endocarditis, and in the other was severe and rheumatic in etioloty. In the latter patient mitral insufficiency dominated the clinical presentation and contributed to death I month after combined CAVF ligation and mitral valve replacement. Two patients had significant left anterior descending coronary artery stenosis which in one was managed with bypass grafting at the time of CAVF ligation. One patient had a large patent ductus arteriosus which contributed to clinical congestive heart failure and was ligated 12 years before CAVF ligation. Two patients had systemic hypertension which in one was severe.
One patient previously reported by Shubrooks et al.46 had spontaneous near closure of his CAVF, documented on repeat cardiac catheterization 2 years after the initial diagnosis. Six patients underwent CAVF ligation (one with a coronary artery bypass graft and one with mitral valve replacement). There were no intraoperative deaths, no patient had an intraor perioperative myocardial infarction, and there was one late postoperative death related to associated Optimal management of CAVF patients is difficult to assess because most reports of CAVF have been limited by small numbers of patients. Previous investigators have discussed the incidence of symptoms and complications and the results of surgical ligation in patients with CAVF but have not, however, separated these patients by age. We found in our patients, and in our review of the literature, that separating the older and younger patients clarifies both clinical course and management.
As shown in tables 1 and 2, young patients with CAVF are generally asymptomatic and rarely have related complications.'0' 12, 17, 18, 26, 40, 48, 54 For this reason and because of the potential for surgical complications and the rare occurrence of spontaneous CAVF closure, the necessity for elective CAVF ligation has been questioned.6' 13,17, 30, 39, 50 Consideration of patients' ages, however, discloses the high incidence of symptoms and complications in older patients, which is otherwise not evident because it is minimized by the large number of asymptomatic, uncomplicated CAVF ligation in childhood constitutes optimal management. The concept of nonsurgical management of these patients has been so well entrenched that one-half of our own study patients (most not under our direct care) have not yet had CAVF ligation.
In general, Qp/Qs in CAVF patients is small regardless of age,10, 12, 17, 18, 40 and in many, a shunt is not detectable. While mean shunt size was larger in both younger and older patients with symptoms or complications compared with those without, these differences were not statistically significant. It is still likely, however, that shunt size contributes to clinical difficulties with advancing age since there was a significant difference in mean Qp/Qs in older reported patients who had complications alone compared with those who had neither symptoms nor complications 1.7:1 vs 1.4:1 (p < 0.05). However, for any given patient this small difference in shunt size is not necessarily significant. Patients with CAVF should have elective ligation, as should patients with asymptomatic patent ductus arteriosus, who, much like the young CAVF patient, rarely have symptoms or complications when young, although incidence of both increase with age. As in other patients with left-to-right shunts, it is likely that the appearance of symptoms and complications with advancing age in CAVF patients reflects the burden of chronic cardiac volume overload,69 particularly when associated with acquired cardiac and non-cardiac problems that also occur more frequently with advancing age.
The frequent occurrence of angina pectoris in our patients (38%) reflects our relatively older patient population, in whom atherosclerotic coronary artery disease (ASHD) is common. Significant coronary lesions were documented in two of our patients by angiography. In CAVF patients who have associated ASHD, even relatively small shunt flow may exacerbate angina pectoris, and CAVF ligation alone resulted in the disappearance of angina in two of our patients (table 1) . There have also been reports suggesting that a "coronary steal" secondary to the CAVF alone causes angina and ischemia in the absence of associated coronary artery disease. 4 11 29 36 Despite the common occurrence of angina in CAVF patients, MI is rare in our experience and in the literature,7' 9, 12, 21, 40 although it is not an infrequent perioperative complication in older patients undergoing ligation (7%).
Bacterial endocarditis is a rare complication in pa- 
